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(54) TREATMENT OF WASTE ETCHANT OF FERRIC CHLORIDE SOLUTION 

(57)Abstract: 

PURPOSE: To separate and recover heavy metals as much as possible and to regenerate 
a ferric chloride soln. by treating the mixture of the waste etchant from the production of 
electronic parts and the waste etchant of a shadow mask that is the waste ferric chloride 
soln. contg. the valuable heavy metals such as copper, chromium and nickel as the object. 

CONSTITUTION: A waste ferric chloride soln. is added with a specified amt. of iron 
material and controlled to pH<1.5 to deposit and remove copper in the first stage. The 
soln, is mixed with a specified amt. of iron material and controlled to pH 1 to 3 to deposit 
and remove chromium in the second stage. The soln. is mixed with a specified amt. of the 
iron powder produced from Hoeganes ore and controlled to pH<3.5 to deposit and remove 
nickel in the third stage. The soln. treated in the third stage is chlorinated to regenerate 
ferric chloride in the fourth stage. Consequently, the valuable heavy metals are separated 
and removed, and the ferric chloride soln. is regenerated at a low cost. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Sufficient quantity of iron material required to return the ferric chloride in liquid to ferrous chloride, 
and return a copper ion to metal copper is added to the etching waste fluid of the ferric chloride containing 
copper, nickel, and chromium. The first process which carries out heating churning and carries out solid liquid 
separation of the copper which copper was deposited and deposited, The second process which adds iron 
material to the liquid which passed through the first process, carries out heating churning, and the chromium in 
liquid is settled and carries out solid liquid separation of these settlings, The third process which adds ferric 
chloride liquid or a hydrochloric acid, carries out heating churning, and the nickel in liquid is settled and carries 
out solid liquid separation of these settlings while adding iron material to the liquid which passed through the 
second process, The approach of the etching waste fluid of the ferric chloride liquid characterized by having the 
fourth process which chlorinates the liquid which passed through the third process and reproduces ferric 
chloride liquid. 

[Claim 2] The approach of the etching waste fluid of the ferric chloride liquid with which the amount of the iron 
material added to liquid at the first process is characterized by being equimoiar in general in claim 1 to the sum 
total of iron quantity required to return the ferric chloride contained in etching waste fluid to ferrous chloride, 
and iron quantity required to return the copper ion contained in etching waste fluid to metal copper. 
[Claim 3] The approach of the etching waste fluid of the ferric chloride liquid which replaces with the third 
process of claim 1, adds the iron material which carried out surface treatment beforehand with ferric chloride 
liquid or a hydrochloric acid to the liquid which passed through the second process, carries out heating churning, 
and is characterized by performing the third process which the nickel in liquid is settled and carries out solid 
liquid separation of these settlings. 

[Claim 4] The iron material added into liquid in the third process of claim 1 thru/or either of 3 is the approach of 
the etching waste fluid of the ferric chloride liquid characterized by adding in 2 steps, the early stages of all the 
processing periods of this third process, and a middle stage. 

[Claim 5] It is the third process of claim 1 thru/or either of 4 N2 Approach of the etching waste fluid of the 
ferric chloride liquid characterized by carrying out under a gas ambient atmosphere. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the approach of removing and collecting the heavy metal 
contained in this waste fluid especially copper, chromium, and nickel out of the waste fluid of the ferric chloride 
liquid used for etching processing, and the approach which reproduces etching waste fluid as ferric chloride liquid 
in a list in addition to this. 



[The background and Prior art] of invention Etching processing of recent years and a printed wired board, and 
etching processing of the shadow mask in color television, Or the ferric chloride liquid (these etching processing 
liquid is only written as "ferric chloride liquid" below) used for etching processing of the feadframe of IC etc. 
With development of electronic industry etc., the amount used is increasing quickly every year, and development 
of the technique of processing the etching waste fluid produced in large quantities in connection with this, or the 
technique which carries out reuse of the liquid after processing more positively is becoming important. 



[0002] 



[0003] 
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TECHNICAL FIELD 



[Industrial Application] This invention relates to the approach of removing and collecting the heavy metal 
contained in this waste fluid especially copper, chromium, and nickel out of the waste fluid of the ferric chloride 
liquid used for etching processing, and the approach which reproduces etching waste fluid as ferric chloride liquid 
in a list in addition to this. 
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PRIOR ART 



[The background and Prior art] of invention Etching processing of recent years and a printed wired board, and 
etching processing of the shadow mask in color television, Or the ferric chloride liquid (these etching processing 
liquid is only written as "ferric chloride liquid" below) used for etching processing of the leadframe of IC etc. 
With development of electronic industry etc., the amount used is increasing quickly every year, and development 
of the technique of processing the etching waste fluid produced in large quantities in connection with this, or the 
technique which carries out reuse of the liquid after processing more positively is becoming important. 
[0003] By the way, there are the following problems with the processing (it is written as "ferric chloride waste 
fluid" below) and regeneration of waste fluid which are produced by using ferric chloride liquid for etching 
processing. The matter (heavy metal) which one of them is eluted from the property top of actuation of etching 
processing and an etched ingredient, and is contained in the waste fluid changes with classes of ingredient for 
etching. And it is rare that the art of a heavy metal of a certain kind is applicable like the art of the heavy metal 
of other classes, When the number of the heavy metal contained in waste fluid is not one and two or more kinds 
(for example, both copper and nickel), for example, two kinds, are included, or when the heavy metal of varieties 
is contained further Even if it uses an approach effective in removal of the heavy metal (for example, copper, 
chromium, nickel) of a single class, and recovery, suitable removal cannot be performed in many cases. 
[0004] Furthermore, if it does not control that iron deposits collectively in case another important problem in 
processing of the ferric chloride waste fluid after etching processing removes the heavy metal contained, it also 
has increase in quantity of a sludge, and the point that the ferric chloride liquid to reproduce decreases and 
effective processing in industrial semantics cannot be realized again. 

[0005] Since it has such various problems, various proposals are made for processing of ferric chloride waste 
fluid from the former. In ancient times as a conventional technique known as the approach of the heavy-metal 
removal in waste fluid, the method of settling as a hydroxide the heavy metal from which it is going to remove 
the heavy metal in etching waste fluid with an alkali neutralization process, and filtering and removing it is 
learned, and this is easy to process and excellent in the point that most heavy metal in waste fluid is removable. 
However, there are recovery of a valuable metal not being performed, since these cannot be separated and 
collected on the other hand even if there is two or more kinds of heavy metal under precipitation, and a difficulty 
that there is much consumption of alkali and many amounts of sludges are also. 
[0006] 
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EFFECT OF THE INVENTION 



[Effect of the Invention] According to this invention approach, it dissociates and can collect from the etching 
waste fluid of the ferric chloride containing copper, chromium, and nickel so that such valuable heavy metal can 
be reused, and it is effective in ferric chloride liquid being reproducible to low cost. 

[0059] Moreover, compared with the case where the facility for being able to realize the increase in efficiency of 
processing of ferric chloride waste fluid and communalization of a facility, and processing each etching waste 
fluid is formed, since the etching waste fluid used in various fields can be processed collectively according to 
this invention approach, when realizing industrial operation, it is very useful. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Since it is not economically advantageous, it is very useful 
industrially to form respectively the facility which produces in these each field and which processes according to 
an individual for every waste fluid, and reproduces ferric-chloride liquid in a place about the ferric-chloride 
waste fluid which produces as waste fluid in the electronic-parts manufacture field which etches the above 
circuit patterns, and produces by etching processing of the shadow mask in color television, if the technique 
which carries out batch processing of the ferric-chloride waste fluid in various fields is realizable. 
[0014] However, separation recovery of these is carried out from the ferric chloride waste fluid which bundles up 
the ferric chloride waste fluid eluted by copper substrate etching, and the ferric chloride waste fluid eluted by 
etching of metallic materials, such as stainless steel and a nickel alloy (42 alloys, umber), for example, contains 
copper, chromium, and three sorts of valuable heavy metal of nickel on hundreds thru/or the level of tens of 
thousands of ppm, and the proposal of the approach of moreover reproducing ferric chloride liquid is not made 
conventionally. 

[0015] It is because separation of each heavy metal collected even if it combines simply the above-mentioned 
conventional method which removes this from the ferric chloride waste fluid containing one kind of heavy metal 
by metal reduction is difficult for a valuable metal called the copper, chromium, and nickel with which this is 
contained in ferric chloride waste fluid and regeneration of ferric chloride liquid cannot be effectively realized on 
a scale of being industrial. 

[0016] For example, by the approach of above-mentioned JP,60-8979,B which removes chromium alternatively, 
if the law is applied when waste fluid contains copper in coincidence, separation recovery of copper and 
chromium is difficult, and it not only needs complicated actuation in which caustic-alkali-of-sodium addition 
adjusts addition of the 2nd iron ion, and the waste fluid of pH<1 to pH 1.7-4.5, but it cannot separate and collect 
these from the ferric chloride waste fluid containing copper and chromium. Moreover, there is same problem also 
by the approach of JP,60-8980,B which makes an iron oxide generate by blowing oxygen until it is set to pH 1.5- 
3.5, while making iron material exist in ferric chloride waste fluid. 

[0017] The approach of JP,62-1 91428.A which makes applicable to removal the approach and nickel of JP,60- 
34501, B which carries out deposit removal of the copper on condition that pH 2-4 is not taking into 
consideration the case where other heavy metal is contained in coincidence, either. 
[0018] 
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MEANS 



[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention person 
completed this invention which makes the contents the approach of the etching waste fluid indicated to each 
claim of a claim. 

[0024] In order for the approach of this invention to return the copper ion in liquid and to deposit it as metal 
copper while it returns the ferric chloride which exists in ferric chloride waste fluid as the 1st step and makes it 
ferrous chloride The first process which deposits and carries out solid liquid separation of the metal copper, 
without performing actuation which feeds the iron material of sufficient amount required for a reaction into this 
etching waste fluid, and carries out heating churning, and settling chromium, It consists of the second process 
which iron material is fed into the liquid which passed through the first process, and the chromium in liquid is 
settled, and carries out solid liquid separation, the third process which iron material is fed into the liquid which 
passed through the second process, and nickel is settled, and carries out solid liquid separation of this, and a 
process which chlorinates the liquid which passed through the third process and is reproduced as ferric chloride 
liquid. 

[0025] Although it is also possible to add the whole quantity and to carry out at once the iron material fed into 
liquid, as for the third process in the above-mentioned approach, it is desirable to divide into two at the time of 
the start of overall reaction time amount and abbreviation middle, or to divide more than it, and to supply. 
Although the rate divided into two is not limited, it can divide the iron material to be used in general equally, and 
it can be used for it. The first stage and middle (at for example, the all processing periods' time amount progress 
[ about 40 - 60% of ] time) are chosen preferably. [ in / as mentioned above / in the stage of addition of the iron 
material in the case of dividing an addition time into two / all the processing periods of the third proceiss ] 
[0026] As for the iron material added in the third process, it is desirable to supply, after making ferric chloride 
liquid contact before supplying to liquid, the front face of the iron material thrown in by this is activated — 
having — advance of a reaction — quickness — it is because it becomes smooth. 
[0027] 
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EXAMPLE 



[Example] An example explains this invention to a detail further below. 

[0038] an example 1 (1) — 1500g of ferric chloride waste fluid of pH<=0 containing the first process ferric 
chloride liquid (20.3%), ferrous chloride liquid (17.5%), copper (10850 ppm), chromium (606 ppm), and nickel (15317 
ppm) — the piece of iron — after teaching 67g and carrying out heating churning at 70 degrees C for 3 hours, it 
filtered by quantitative-filter-paper 5B. 

[0039] The contents of the copper in filtrate, chromium, and nickel were (582 ppm) and (14952 ppm), 
respectively (4 ppm), and were pH=1.4. 

[0040] At this process, 99% or more of copper was recoverable, controlling precipitate of chromium. 
[0041] (2) the second process — a degree — 1522g of this filtrate — 10g of ferric chloride liquid, and the new 
piece of iron — 22g was taught and it filtered by quantitative-filter-paper 5B after 3-hour heating churning at 70 
degrees C. The contents of the copper in filtrate, chromium, and nickel were (34 ppm) and (14380 ppm), 
respectively (abbreviation 0), and were pH=2.7. 

[0042] At this process, most chromium in waste fluid was recoverable. 

[0043] To the third process, next 727g of this filtrate, with another container, beforehand (3) 35g of ferric 
chloride liquid, The object which mixed 13g (the porosity manufactured from HEGANESU ore, the iron powder of 
needle crystal, 150 meshes; product made from HEGANESU GADERIUSU) of M-100 iron powder is prepared. In 
nitrogen-gas-atmosphere mind, heating churning was carried out at 70 degrees C for 14 hours, and after 14- 
hour progress, what mixed the 13g of the M-100 above-mentioned iron powder with 35g of ferric chloride liquid 
with another container beforehand again was taught, and it reacted for further 10 hours, considered as 
termination, and filtered with 5B quantitative filter paper. The contents of the copper in filtrate, chromium, and 
nickel were (0 ppm of abbreviation), and (48 ppm), respectively (0 ppm), and were pH=3.4. 
[0044] At this process, most nickel in waste fluid was recoverable. 

[0045] (4) The liquid which passed through the fourth process [ third ] of a process was chlorinated by the 

known approach, and the ferric chloride liquid for etching processing was reproduced. 

[0046] The presentation of this liquid was as in the following table 1. 

[0047] 

[Table 1] 



mm 2 & 


44% 


mm i $* 


0% 


m 


0 p p m 




0 p p m 




4 1 p p m 



[0048] In addition, in the third process, when same actuation was performed without using ferric chloride liquid, 
the nickel content in the obtained filtrate was 7478 ppm. 
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[0049] According to the example 1, it was operated except having changed into KIP225M (100> mesh: Kawasaki 
Steel Corp. make) the iron powder used in the third process of example 2 example 1. The presentation of 
playback ferric chloride liquid was as in the following table 2. 



[0050] 
[Table 2] 


■■ 2 


r ■ ■ ■ l v l I 1 » — — — ■ ^ 


4 4% 


*&*b» i ft 


0% 




0 p pm 




1 P pm 




2 3 2 5 p p m 



[0051] In addition, the nickel in the filtrate obtained when ferric chloride liquid was not used in the third process 
was 9778 ppm. 

[0052] 700g of ferric chloride waste fluid containing example 3 ferric chloride (19.9%), ferrous chloride (18.1%), 
copper (12050 ppm), chromium (1930 ppm), and nickel (13400 ppm) — the piece of iron — the filtrate from 
which 31 g was taught, it filtered after the 3-hour reaction at 70 degrees C, and copper be removed — obtaining 
— a degree — the piece of iron — 10g be taught and the filtrate from which it filtered after the 3-hour reaction 
at 70 degrees C, and chromium be removed further be obtained 

[0053] 10g of hydrochloric acids and 1 1g (M-100) of iron powder were taught to 650g (copper; 0 ppm, 
chromium;21ppm t and nickel;1 3520ppm are included) of this filtrate 35%, and heating churning was carried out at 
70 degrees C. The object which carried out mixed processing of the 10g of the above-mentioned 35% 
hydrochloric acids and the 11g (M-100) of the iron powder was beforehand prepared further with another 
container after 24-hour progress, and the reaction was continued for 24 hours. 

[0054] The nickel after reaction termination and in the filtrate filtered and obtained by quantitative-filter-paper 
5B was 64 ppm. 
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5 9 -2 1 94 7 1 9&£") &ffiJ?t3*lTl,>£. C©# 
SBZn, C r , N i ^0«*JH<0|»*Sai*(C«nri> 

I/. S^«|5|iR<Dfc«>K:«H{CigiR^:«^«SCC&S £ 
[0 0 0 9] «±©«t5«:*6ttiS©S***aWiOT 20 

fifcfcffiisi ^ nr c > ■& a * © x * =f > y iio^aisi 

[0010] ±ffi©«fc 5 BJMK. ££»© 

x9^>^jjfiR©w^t. enters n-swffl^m^ji 

^WW, ttJS, ffl»««:«I:»)lBliR-J-S*iS (tt*J±EU 

[ooi i ] #n^a7ufife©^nstt. wt»2«fe© 30 
x ~j vmmci$v$&m*mm-rz> c £ kj: o mjm 

©Sf&i wm, eus. ^ct. ®#^^* 5 ^{c 
o x t, > s tc#> « , ^ ©^jsmft «!&-r o i> m h #> 

»©te. ttx»*->f*m (#]*.« I CS«*>^? K r> 

& . ^T©s#ji(c-9(,^-citji t//c^a*sfifflr^ t£ 
■9 * > y***t^iwH©is#« **tota^t» . 

[0012] fie*»*3tiri>*^i«aKcj£©5 *>-c. 
tta^K flk©-a©s*w *#wr £ *» £ 

b/tfe©-C«. ffe©S^@l*^PA-C*>€.fe© (#4>BS 

6 0-8 9 7 99. 1S&B36 0-89809) , ffc©M 
£Jl;We*£4>© (^<2rBS6 0 -3 4 5 0 19) . ffe 50 



5- 1 2 5 5 6 2 

4 

©iiifc^mifcO (^Bg6 2-1914 

28#) ©»***•). s kji&U'Mc -«jy±©fi^n 
3^wsti*«a[ife»**»*iL3t*>©iLr«. 

BS5 7-3 7 5 3 3-§, &&BB5 6 - 3 6 1 2 79. # 
&BS6 1 -44 8 1 49. ^BS6 3 -6690 89*5 

*)fc«Ftcz^iS©fi^j»*«p3£Lfcfc©iLr 

«:, ^PA£x >-5r;KcM-r^,#BiBS6 2 - 1 9 2 5 5 
89. fiix»^;HcwriWHI^l - 1 6 7 2 3 59 

©&fga**s. 

[0013] 

©J; 5 frHSg/s 3? - >©x -yf> df£?T ^^gp D a n «{ 
ot»r v cn6©^»-C^-rsj^®#(c<B8'J 

[0 0 14] U4»UMXItX7 *>?lc£*)mmistci!g. 
®MWLt. Xf>UX, --^^M (4 2 70-^, T 
>,-{_) !?©#JSttl4©x v^>^C<fcf9^fflb/cia^ 

TS^©SBfctttE*3*iTl»fcl>. 

[0015] cn«. ^^fc^sns^. ^pas 

Hit. **^©w*«Hl*xMIW«c»Krjft»fl«j«:^ 

[0016] foA*a»?wK:ift5fe-rs±iBW& 

BS6 0-8 9 7 99©^6r». ^2^^^->©^ftl 
£. pH<l©)^?S?r^ftty-^Jn(Cj;0pHl. 7 

—3 . 5 ccft -s £xmm*Bks&tsc t-cmiWkZgte 

3 # 5^<&Bg 6 0-898 0 9©^i4"C In]^©^®^ 

[0 0 17] pH2~4©^#-C^4*Ttiil^*-r^^ 
BS60-34501 9©^iS-^x 
•S#giBS6 2- 19 142 89©7^)S fe. PJB$(cffe©m 

[0018] C©J: ^(C. fie*©*tt0KK*»6— 9M<D 



(4) 

5 

iU»"C#ftl>. 

co o i 9] *fc. m.wmm<Dm^.m<ommmut^ f > 
n&ummt orasKsnrt* sahibs e 2-1925 

5 8-^O^S"C». p H 1 glt^nA^iilfcgfc 
- ? *JHSrl»ST-&Z^£i:e%tT ft -5 JgKSE#$S: 

nrt,^it^#i^$nrte»5>-r. pj^^^pa. - 10 

*4*nA©#liiail5»nH*ftc». — 7^4-^;U£ 

gfl¥ 1 - 1 6 7 2 3 5 #"CB. p H 0 ~ 1 T?IS£$fc}C#r 

coo2o] tnaisi©a^«*^-r**tt0KK*s 
*rs»^tc. m&m*m* Kfmm&isizifihm»!iBL 20 
c&©*bStt. ^Mis©«£«£^trig 

i«4MIt5B«KDS^, ffl*.(2tt&186 1-4 4 
8 14#, <H5f£rB85 7 -3 7 5 3 3^. f#&B85 6-3 
6127#, f$&B8 63-66908 ^t©^ffi©ffi3S 

««r«Stor-}si»*rs^rSC3&iSffl Shrike 4 

[002 i ] *3mij#b. *a±©j; 9ftse*88s©3MK 
mm* < n^Tzc 4 zmmt hx®.mm*mtotc. 

[0 02 2] **>4«Mi*>i5a«Sti5*»iB©SW 
«. S. ^OAS^ ^er;U^WrS*{b^2S«c©x 
9?>^05iR*>6. i«MJSrc:tie.©a#M?rW*^)fc 

b. jjBX9^>jrm^6WffftdM©wfaffi«inB 40 

[0 02 3] 

i^ss«©«iajs*rtSF4-r**»w*3©sRU)t. 
[0024] *»«©*&«. *©# 1 set itM 

WR*ccfl^**ibJii2tt*«5c^r«Mbiii»cr 

*4*tC«ip©«^*>*jKLT&IBfi4 0T*Tm3 50 



#H?¥5 - 1 2 5 5 6 2 
6 

•tf-SfctfHc. SJfcfc!&g+#ftS©&*t£&x * ^>4/ 

fs$ ■» 4 c 4 ft < &jgiii£#TtH LTS^afrsm— © 

Iii. J&-©II!&^»t&M&l2A OT. «*© 

*aA*aaRsi±rH?«»iirr*»zi©xe<!:. f-i 

H«»«-r*»=©IS4. »=©IS*Syt«*tt3R 

[0025] ±E^rffi«c*jw s»=©xg«. jSfc&A 

•rrs*9£i>i£. Rsstisfccrttttv**. abb* 

Sfttt4Wa^9K*Kl/tffll>4C 4#-C*S. 

^*no«:»ws»^©ttw©8si)n©^Jt8«. xa?© 
^.«^Mii«sra©4 o~6 o%es©^MiBBaB#*) * 

[0026] fs=©xe{c*»c>rasftj3*isj5ttt». * 
ciwsu». cnfcjc-oTSATS^caffi^ffi 

t£{fc3ftTJRj£©iifT#ffla, Rj#4 ft 

[0027] 2t:»w©^rffi«:tei»r. jjsjniyfcftttt* 
<b»2«*siC3i*r*s<b» 1 ttJc^ASJfif— ©xg-c 
fleffl-r*tttt«. £«ttT?*fttfistcHBe<*nst>©-r 

lift < . — jiaW«c«*a«©^:*tttJWt#lijSW"C* 

tve t » *8Mfc» 2 bid 1 ^tcaTc-r & ©tc & 
gftfi, so*Kx^^>^fg(c$*n-rc^^-i'*> 

££M^«c^-r£©fCitfgftB©£iHt*t ts3*rA'tf 
fflt,>e>ft&o C©§£>t£?SJjni>to&B. 5 0~9 0°C, 

lifiKiiTO-goTOiaitJlfftwe., pH< 

1. 5. *?*0<BpHO. 5~1. 2&C{£-?-CJ5fc.£ 
l'~15B*|HL »*L<«l~5B^BI$fTfc*>1i\ x 
y^r;l/, d»PA©ifc»£jqj*IJU ^SE^ * >© 9 9 % 

[0 02 8] 

S76 :-2 F e C 1 j + F e -» - 3 F eCl, 
«fti):Fe+Cu ! ' — Fe" + Cul 
XiBSJ&tcte^Tp H*si . 5**8^.-5 4. ^PA©fct 
«**t"i**«*4aS©"C»*K«cl>. C©^-©X 



I 



7 

[0 02 9] HI— CDXfirffli«li[p]iR^n/c|@^WX^ v 

-So 

to o 3 o ] *«H*ffi©jB-©joitt:. mcums* 

jKccjjsjjDU p H£ l ~ 3 tc« -»rtr«c*>ns. c©3? 

/cyg«> pH£l~3CC«i3. 5 0-90'C. 0$U< 
» 7 0 ~ 9 0 "CCDSSr . L/ 6J5JEfc£ 1-15 
B$p B "i. Jf* L < B 1 - 5 ISBHUSfT ? trfWJft 

<D?v&<Dtf;m (IftCrKlfO 5C 
j*)3!l(CJ:9. ?&c|3*PA©9 5%«±£X5 

Mil & <t &&«© n x ASifTMfS] £ Se 0 » * b < 
[0 0 3 1] C©J^W^^H«**(,>t*3JR#*# 

[0 03 2] *«9J^ffi©»=©xe«:*H,>ri4. ff/c 

«c«fet**iS{cas*o-r 4 c t kmtlx . g tsft 2 ikjr 

^#*x£U:9§!|j£3ttfc^?Lft, tttt*Sft©tt» <M 
-10 0) #WBT*£. Mj$?ifcia«Cft£!iJ^©#im 

[oo33] *mi<Dm=<DJLmzmts:i'&>mt'm2 
itm2&m (xumm) £, c© (tt{bJ92(KR«flri 

ft ?PA£|££l,/<i^&Cttji^ ?££pH<3. 5 

*fift7o*c4&5j:5«:w*.« 1 Anmm 
0B#rasic;3-&fc^ji«-r-5 c £cc j; •? - 

MRBttfi* < WffitcrjfcSi'CS -5. Wft\*.mt l m±<Dffi 
c©-5.^;n»*xgrttSl6flijt»j <«Mfc*2ft«x 

«&$) z&mtzct&mmv&z. ctutmtmi 



(5) 4$KPP 5- 1 25 5 6 2 

8 

t>r£tt<b#ji>£r&&c>fc©T&-5. 

[0 034] * W±ii^tt^*^flBiaiJi«*f*8iJ 
[0 03 5] ttffc»2|*«*ar«Hi*Stift:i»4r;U 

#wi&»-r 4. wtcttwoaain^iPtt < £ *> 2 §k»» 

rtf 5 flteKtt. »K©»ftji*©BKctt c©ttii* 

*SMSisns. c©-^-S!if±jA^ft«. -fittjA 

[0 0 3 6 ] «±©Xg*ST»5ffc»«t3:. *MWb*tT 
[0 0 3 7 ] 

[ SISfiW ] «T#»W &£%0!fK: J: K> MKSMBKCBMB-r 
4. 

[0 03 8 ] UlSife^l 1 
( 1 ) »— ©X« 

ttfbS*2ttiK (2 0. 3%).Mfl^iS(17. 5 
%) . IH(10850ppm) . ^PA (606pp 
20 m) > --^;Kl5317ppm) ^tfpH^O© 
ttftftft 1 5 0 0 g(C, ^>t6 7 g 4f±iA^. 7 0 "CT- 
3 B$P B 1JP^tI^ 1/ Sliffi 5 B rffi® 0/c o 
[0 0 3 9] «^cp©H5, i 7 P A, - v >7)\><D^mm% 
fhftl (4ppm) , (582ppm), (1495 
2ppm) t**), pH=l. 4t*o/c„ 

[ o o 4 o ] cciir. 9uj»<Di%m*mmLr>r>m 

©9 9%JiU:£0i|Xf -5 C 
[0 04 1 ] ( 2 ) $-©11 
^CCOiMl 5 2 2 gfC, ^b^2^1 Ogi, ff 

30 fcttBut 2 2 g *f±jA^. 7 o -ct 3 eraja«asB¥». 

3£Sj*ffi 5 b -cjaia U fc. «i^*©iH, i'PA, 
^©MliJf^l^h (B|0) . (3 4ppm), (1 
43 80 ppm)-C, pH = 2. 7U$>-z>tc. 
[0 04 2] C©X*re. J^?K4i©^PA©^£^|pIjR 

[0 04 3 ] ( 3 ) I£©Ig 

'Xiccomwn 27 g«c, j ?»wja»(cr«[Yfciii2ttiK 

35gi, M-10 Oifc® (^-^^^OSBtSnfc 

40 ^f^^ttS) i 3 g^jm^urfci^c^ftii^. 

- fiSRSHatC-C. 7 O 'C-C 1 4 B#rs1tt]^t«Wib. 14 B# 
fflSifl^, W!>*^&SIJ^K:Tl&fb?S2t*$3 5gi± 
IBM- 1 0 OifcBH 3 g*^LTfc^/c4>©*f±3i 
^> MiC 1 0 IRAKIS LTif&TiU 5B^«tiffi-Ci* 

jfiu/c i*^4j©in. ?pa, - ?^;u©^wa«-en 

-en(Oppm), (BSOppm). (48ppm) 
"C\ pH=3. 4t*-j/c. 

[0 044] C©Ilt t ^^©^^^^©^i'^lHl 

50 [0045] ( 4 ) mva<DiM 



(6) 
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[0 04 6] t<Dm.<ommz, T^MKDm.'O'Ch^ 
[0 04 7] 

[SU ] 





4 496 


mm i $ 


0% 




0 p p m 




0 p p m 




4 1 p p m 



[0 04 8] tjiismE-tDHm^is^X . iS{b^2^^ 

ffifflLi&l>-CI5I«©aff*tT«e-3A:iC:5. 
$4j©r. 9 yjl^Mit 7 47 8 ppmt*-5/c. 20 
[0 04 9] Hji&#!l2 

9Qfi«l ©»=©XgJC*jl>r«ffl-r4»c»*K I P 2 
2 5M (1 0 0 >y :. MmWWittM) iC&WLtc 

\m\t$mm 1 jc* g raft** t«c fc. softie 2 
^fg©»a«ne^ 2 ©a o t? * r> fc. 

[0 05 0 ] 
[*2] 



mm 2 $ 


4 496 


&<bii 1 $ 


0% 




0 p p m 




1 p pm 




2 3 2 5 p pm 



[o 05 1 3 tetem=<DTM< l ci<s^-cmtm2&im%&. 
fflb%c>js^cf#6nfca?s*©- ? &Mt9 7 7 s p 40 



5-125562 

10 

p m ~C&> r> fc„ 
[0 0 5 2 ] H»J3 

*{b*2tt < 1 9. 9%) . mtmi m < 1 8. 1 

%) . iH ( 1 2 0 5 0 p pm) . ( 1 9 3 0 p p 

m) . ~v trA' (1 3 4 0 0 p p m) ZSts Jfi^JH® 7 
0 0 g . ttK- 3 1 g £tti£# 7 0'Ct?3 H$|fflJK(S9l. 
aBaLT«*|»*OA:j|}«*f#. ^tC&Jt 1 0 g Z{±& 

[0053] C©II (1; Oppm, ?PA;21p 
pm, - y Tfts ; 1 3 5 2 0 p p m&^ts) 6 5 0 g 
(C. 3 5%M1 0 g£&® (M- 1 0 0) lUift 

i§&CTJhfB3 5%&Ml 0 gi«tt& (M- 1 0 0) 11 

[0 054] J5)tt4*Tf^. ^Sii*fi5 B-CiSJaU-C^A: 
jltfS^ 1 ©^- vtrMt6 4 p pmTibofc. 
[0 05 5] H»J4 

[0 0 5 6 ] t<DW@L (M ; 0 p pm, ?PA;24p 
pm, — v>T)\s\ 1 4 5 5 0 p pm5;$tf) 65 Og 

tc. 4 4%iu.im2mm.7 o g t&m <m- i o o) 2 

4 g £{±iA<& 7 0-CT24 B#P B 1 JngtfXft L /c„ 

[0057] si&»7». %.mm&5 BtC-Cffi&Zft ft 

[0 05 8] 

n 6 © Wffi wb£jk * wmmv # £ j: -5 «c &k u r mux 

[005 9] *fc*»W^ffiK«fcti«. 

^ttistifci^ *>^?&£— fSG-c#ta-e£&© 

r. fS&HS&©$2a©$j^t i£«©ftMfb#J|3gr# 

®'?©x^?>^)S?g*^! : a-r^fcj*©s:ffi ; $:^ 



